INTRODUCTION
Although vitamin D deficiency, defined by the serum concentrations of 25(OH)Vitamin D is generally reported as being very common worldwide, [1] [2] [3] [4] [5] its precise incidence, in adults is controversial. 1, 2, 6, 7 This discrepancy is attributed mainly to the absence of consensus on the optimal levels of serum 25(OH) Vitamin D. 1, 2, 4, 6, 7 It should be emphasized that what has been considered until recently as the "normal" level of 25(OH)Vitamin D has been mainly defined by measurements in groups of healthy volunteers who, however, include an unknown number of vitamin D insufficient subjects manifesting no clinical symptoms or signs. Consequently, the calculated normal values of 25(OH)Vitamin D concentration most likely do not represent the exact normal values. 1, 3, 6 The currently used lower normal cut-off values are very low indeed. Certainly, it is very difficult to identify among apparently normal subjects those who are vitamin D sufficient or insufficient. It is thus evident that if vitamin D insufficiency is defined by the serum concentration of 25(OH)Vitamin D below which plasma PTH starts to rise, [1] [2] [3] [4] [5] [6] [7] the lower normal levels could be determined by using a vitamin loading test and examine the changes of serum 25(OH)Vitamin D and plasma PTH concentrations during the procedure. [1] [2] [3] [4] [5] [6] [7] Then the level of serum 25(OH)Vitamin D at which plasma PTH concentrations begin to form a virtual plateau is taken as the lower normal limit. [1] [2] [3] [4] [5] [6] [7] To our knowledge, a vitamin D loading (suppression) test has been reported once by Malabanan et al; 7 they estimated that serum 25(OH)Vitamin D of 20ng/ml (50nmol/L) represents the lower normal level. Other investigators examined the changes of plasma PTH concentrations in relation to those of serum 25(OH)Vitamin D in healthy adults at baseline, to the point at which the plasma PTH concentrations formed a plateau (if this occured). The serum 25(OH) Vitamin D values corresponding at the point of PTH plateau was taken as the lower normal value of 25(OH) Vitamin D (between 20-40ng/ml, 50-80nmol/L). [1] [2] [3] [4] [5] [6] Heaney et al 8 reported that the maximum intestinal calcium absorption (65%) occurs when the serum 25(OH)Vitamin D levels are at least 32ng/ml (80nmol/L). Since the maximun intestinal calcium absorption is physiologically necessary to maintain a sufficient calcium uptake, irrespective of the daily dietary calcium intake variations, the 32ng/ml (80nmol/L) serum concentration of 25(OH)Vitamin D should be considered as the lower normal level. [1] [2] [3] 8 Although there is no agreement on the definition of the lower normal level of serum 25(OH)Vitamin D, most reports place this value between 20 and 40ng/ ml (50-80nmol/L). It must be added that the definition of the lower normal limits of the active vitamin D metabolite 2Vitamin D] is even more problematic.
Therefore, the present study was undertaken to determine: a) the lower normal levels of serum 25(OH) Vitamin D and of 1-25(OH)2Vitamin D concentrations by using a vitamin D loading test in a group of normal, free living adults. Additionally an effort was made to also define these levels by examining, at baseline, the point at which the plasma PTH concentrations begin to form a plateau and b) the prevalence of the so-defined vitamin D deficiency during a whole year in a representative group of white, free living adults residing in a region with a temperate climate (northern latitude 38 o ).
sUbJeCTs AND MeTHODOlOgy
We studied a total of 625 (553 females, 72 males) white, apparently healthy, free living adult subjects (aged 18-85 yr, mean±sd:54.05 ±14, median age 55 yr), residents of Athens and its broad territory, a region inhabited by 35% of the total population of Greece. Subjects were excluded from the study if during the last six months had used a medication known to affect calcium and vitamin D metabolism, or if, for the last year, they had used other antiresoptive or anabolic treatment for the prevention or treatment of osteoporosis. Other exclusion criteria were the presence of diseases that affected calcium homeostasis, such as metabolic bone diseases other than uncomplicated osteoporosis and other metabolic diseases (untreated diabetes mellitus, hyper-or hypothyroidism).
Osteoporosis was detected in 127 (120 females and 7 males) and osteopenia in 91 (87 females and 4 males) subjects. Measurements were carried out by DEXA (Lunar Co) in the femoral neck or lumbar spine or both. For the diagnosis, the WHO 4 criteria were applied (T-score, in at least one side between -1 to -2.5 for osteopenia and >-2.5 for osteoporosis. Osteoporosis was slight or moderate (T-score >-2.5 to -3.2); osteoporotic fractures were not reported (exclusion criterion). None of the 229 subjects was under treatment, either because the diagnosis was established at the time of the study or because they had for various reasons stopped any relevant medications for at least six months (calcium and/or Vitamin D) or 1 year (antiresorptive or anabolic) prior to the study.
Fasting blood samples were obtained randomly (unbalanced design) at baseline from all subjects once during a year (February 2004 -January 2005 for the determinations of serum 25(OH)Vitamin D, 1-25(OH)2Vitamin D, plasma intact PTH, calcium (total, ionized), phosphorus, magnesium and proteins. Serum 25(OH)Vitamin D and 1-25(OH)2Vitamin D were measured by RIA (the latter after purification in human serum by immunoextraction) using kits from IDS Ltd, Tune and Wear, UK. The intraassay coefficient of variation (CV) was 3.4-5.1%, the inter-assay CV 8.9-14.1% and the sensitivity <1ng/ ml (<2.5nmol/L) for 25(OH)Vitamin D. The interassay CV was 7.6-15.8% and the sensitivity <0.3pg/ ml (<0.72pmol/L) for 1-25(OH)2Vitamin D. According to the manufacturer the RIA method used for the measurement of 25(OH)Vitamin D equally measures 25(OH)Vitamin D3 and 25(OH)Vitamin D2. We have, nevertheless, shown (unpublished observations) that Vitamin D2 is measured to a lesser extent (about 10%). Plasma intact PTH was measured by an Electrochemiluminescence (ECLIA) immunoassay (Nichols Institute, San Juan Calif., USA) with an inter-assay CV <5%. Routine chemistries were measured by a Hitachi multichannel analyzer. Serum ionized calcium was measured by an ion-sellective electrode (Bayer 634 analyzer) at physiological pH.
In order to determine the lower normal levels of the vitamin D metabolites [25(OH)Vitamin D and 1-25(OH)2Vitamin D], a vitamin D loading test was carried out in 36 of the subjects (27 females, 9 males, aged 28-56 yr); 7000 IU vitamin D2 plus 1g calcium carbonate were administered per os daily for eight weeks. In these subjects the above mentioned indices were measured both before and at the end of the loading test. All 36 subjects gave informed consent and hospital ethics committee approval was obtained in accordance with the Helsinki Declaration.
It was additionally examined whether or not the lower normal levels of serum 25(OH)Vitamin D concentrations could be also estimated by using the regression line between plasma intact PTH and serum 25 All statistical analyses were carried out in SPSS v.11.5.
ResUlTs
The pre-treatment 25(OH)Vitamin D serum values in the 36 subjects undergoing the loading test ranged from 8-34.7 (20-86 .7nmol/L). Prior to the vitamin D loading test, 3 cut-offs percentage of intact PTH decrease were considered: a >40% decrease (high suppression), a 10 to 40% decrease (moderate to low suppression, and a <10% decrease (no suppression). Specifically, by using the above cut-offs, three subgroups were identified ( Figure 1 would be considered as the lower normal value for this metabolite for our laboratory and the methods used. Moreover, the concomitant lower serum 1-25(OH)2Vitamin D value of the third subgroup (24.6 pg/ml, 59pmol/L) could be also considered as the lower normal value for this vitamin D metabolite.
An attempt was also made to determine the lower normal serum concentrations of 25(OH)Vitamin D, by using the correlation line between plasma intact PTH and serum 25(OH)Vitamin D concentrations. Between plasma intact PTH concentrations and those of serum 25(OH)Vitamin D, a highly significant negative linear correlation (r=-0.29, p<0.001) was observed without the formation of any plateau ( Figure  2a ). This correlation did not change if the semi-log or the log-log values were applied (data not shown in graphics). However, when the locally weighed regression scatterplot smoothing (LOWESS) plot was used (Figure 2b ), a virtual plateau of the regression line began to appear at serum concentrations of 25(OH) Vitamin D between 22-32ng/ml (55-80nmol/L), a finding suggesting that the point at which the plateau of the line starts could be considered as the lower normal value for the 25(OH)Vitamin D (22ng/ml, 55nmol/L). Therefore, by both methods used (vitamin D loading test or the point at which PTH values reaches a virtual It was also examined whether the percentage of abnormally low values of both the vitamin D metabolites in the studied adults was influenced by age during the year. The studied subjects were therefore stratified into five age groups (<29, 30-39, 40-49, 50-59, >60yr) of either gender.
The percentage of low 25(OH)Vitamin D values (<22ng/ml, 55nmol/L) during the period March-May ( Figure 5 ) was very high in all age groups ranging from 60.4% (age group 50-59, n=53) to 100% (age groups <29, n=14, 30-39yr, n=13), with significant difference between the age groups of <29 (100%), 30-39(100%) and 40-49, n=24 (87.5%) compared to the age group 50-59 (60.4%) (p=0.004, 0.05, 0.02, respectively) and between the age groups of >60, n=67 (77.6%) and 50-59 (p=0.05). The corresponding percentages in the period of higher values (JulyOctober) were significantly lower, than those in the previous period, ranging between 24.5-33.3% in all age groups except the group >60, n=60 (51.7%). The percentage in the group >60 yr was significantly higher (p<0.003) than that corresponding to the age group 50-59 ( Figure 5 ).
The percentage of abnormally low 1-25(OH)2 Vitamin D values (Figure 6 ) in the period of lower values (March-May) was significantly lower, fluctuating between 18.9% (age group 50-59, n=53) and 50% (age group <29, n=14) with significantly higher percentages at the age groups of <29 yr (50%) and >60 yr n=67 (46.3%) compared to 50-59 (18.9%) (p=0.02 and <0.002, respectively). In the period of higher values (August-September) the corresponding percentages fluctuated between 0% (age group <29, n=6) and 20% (age group >60, n=15) but without any statistical significance between the five age groups. Furthermore, multivariance regression analysis between intact PTH and 25(OH)Vitamin D and total calcium in the whole group showed that PTH is significantly correlated with 25(OH)Vitamin D. Specifically, there was a negative correlation of PTH with 25(OH)Vitamin D but a non-significant correlation with serum Ca. Both variables account for 7.9% of the total variation of intact PTH levels (adjusted R square=0.076). When instead of total calcium, ionized calcium was calculated the relationship did not change. In this case, both variables accounted for 7.6% of the total variation in intact PTH levels.
On multivariance regression analysis, when the women without or with OP+OPenia were considered separately, the significant correlation of intact PTH with 25(OH)Vitamin D and not with calcium (total or ionized) remained. In women without OP+OPenia, the negative correlation of PTH with 25(OH)Vitamin D and the non-significant with total calcium also remained. Both variables accounted for 6.5% (adjusted R square=0.065) of the total variation of intact PTH levels. Additionally, in women with OP+OPenia the negative correlation of PTH with 25(OH)Vitamin D and the non-significant one with total calcium was also observed. In this case, both variables accounted for 15.2% (adjusted R square=0.152) of the total variation in intact PTH levels.
When multivariance regression analysis was carried out between intact PTH and 1-25(OH)2Vitamin D and calcium no significant correlation was observed.
DIsCUssION
Although vitamin D deficiency is generally reported to be very common nowadays, even in developed countries, its exact incidence in apparently normal subjects residing in different countries and or geographical regions is controversial, primarily because there is no consensus on the optimal serum levels of 25(OH)Vitamin D. [1] [2] [3] [4] [5] [6] [7] 9 It should be emphasized that, as a rule, the normal serum levels of 25(OH)Vitamin D have been calculated from samples obtained from groups of normal adult volunteers among which an unknown number of subjects with vitamin D insufficiency or even deficiency may be included. [1] [2] [3] [4] [5] [6] [7] [8] [9] Therefore, the soestimated "normal" values evidently do not represent the true normal values. 1, [5] [6] [7] [8] [9] Certainly, the distinction between vitamin D sufficient and deficient subjects is not an easy task because most vitamin D deficient subjects present a slight to moderate vitamin D deficiency and have no characteristic symptoms or signs. [1] [2] [3] [4] [5] With regard to this issue, two approaches could be used to eliminate the uncertainty. The first is based on the assumption that vitamin D insufficiency begins at the levels of serum 25(OH)Vitamin D below which plasma PTH starts to rise. 1, 2, 6, 7 In other words, the serum level of 25(OH)Vitamin D needed to maximally suppress plasma PTH concentration is considered as the lower normal level of this vitamin D metabolite. In our study, the negative linear correlation between plasma intact PTH and serum 25(OH)Vitamin D values did not confirm the previously reported PTH plateau values of some studies. 1, 2, 4, 6 Indeed, when we used the LOWESS plot, the plasma intact PTH values approximately attained the theoretical plateau in the regression line to be between 22 and 32ng/ml (55 and 80nmol/L) of serum 25(OH)Vitamin D concentrations. Therefore, the point at which the plateau of plasma PTH concentration starts should be considered as the lower normal value of serum 25(OH)Vitamin D (22ng/ml, 55nmol/L). Nevertheless, even with the LOWESS plot, this plateau and the point at which it starts were not clear.
Most likely, the best method is to use a vitamin D loading test, 7 as we did in the present study. Specifically, 7000 IU of vitamin D2 plus 1g calcium were administered orally every day for eight weeks in a group of normal adults. The subjects who did not significantly change their plasma PTH values during the test were considered as vitamin D sufficient. 2, 6, 9 Therefore, in these subjects the lower preloading value of serum 25(OH)Vitamin D (22ng/ml, 55nmol/L in our study) was considered as the lower normal value for this vitamin D metabolite. We also considered as lower normal value of serum 1-25(OH)2Vitamin D the one (24.6pg/ml, 59pmol/L), corresponding to the serum 25(OH)Vitamin D lower normal value. To our knowledge, such an estimation of 1-25(OH)2Vitamin D lower value by using the vitamin D loading test has not been previously reported. It must be underlined however that the so-defined lower normal value of serum 1-25(OH)2Vitamin D should be considered as suggestive, in view of the uncertainties in the determination of this vitamin D metabolite. [1] [2] [3] As far as we know, there is only one previous report on the use of a Vitamin D loading test for defining normal 25(OH)Vitamin D values. 7 The authors of that study concluded that the serum 25(OH)Vitamin D value of 20ng/ml (50nmol/L) should be considered as the minimum value for vitamin D sufficiency. It should be mentioned that their study group included much older subjects (mean age 65 vs 42yr in our study). 7 The serum 1-25(OH)2Vitamin D was not measured in their study. Despite the age difference in the two studies the minimum value for vitamin D deficiency definition is quite close, namely 20 vs 22ng/ml in our study.
Both studies used almost the same amount of vitamin D2 (7000 IU daily in our study vs 50000 IU once weekly) for the same period (8 weeks) and the measuring method was the same for 25(OH)Vitamin D (RIA).
The other approach for the estimation of the lower normal level of 25(OH)Vitamin D in serum is that proposed by Heaney et al. 8 This is based on the assumption that the maximum intestinal calcium absorption (65%) is physiologically necessary for the body to overcome instabilities in calcium intake from food, a condition that could be achieved when serum 25(OH)Vitamin D levels are at least 32 ng/ml (80nmol/L). Therefore, according to this criterion this value should be taken as the lower normal level of 25(OH)Vitamin D in serum. 1, 8 In our study, the application of a vitamin D loading test for the estimation of the lower normal levels of serum 25(OH)Vitamin D was considered more appropriate and more reliable. Furthermore, the so-estimated lower normal level of serum 25(OH) Vitamin D (22ng/ml, 55nmol/L) is comparable to the lower normal limits (20-30ng/ml, 50-75nmol/L) today accepted by most authorities. [1] [2] [3] [4] 6 Also, it is interesting that in our study, the estimated lower normal value for serum 25(OH)Vitamin D concentration (22ng/ ml, 55nmol/L) was comparable to that derived by correlating plasma intact PTH with serum 25(OH) Vitamin D concentrations, using the LOWESS plot.
Considering a value of 25(OH)Vitamin D lower than 22ng/ml (55nmol/L), the percentage of abnormally low serum 25(OH)Vitamin values in our group, is unexpectedly high (57.7%) for a region with a temperate climate and at a relatively low northern latitude (38 o ). This finding could be explained by inadequate sunlight exposure, considering that in temperate climate most vitamin D is produced in the skin via the action of sun light. 1, 2, 10 In fact, our subjects (students, housewives, indoor employees, officers) were, according to the information obtained, indoors during most of the year and avoided sunlight exposure during the summer for the risk of skin cancer. In addition, almost all people use commercial sunscreens to protect themselves from UVB radiation. It is well know that sunscreen with a sun protection factor (SPF) of 15 reduces the peripheral conversion of vitamin D by up to 26 times or nearly 99%. 11, 12 Another significant contributing factor could be the air pollution in the area of Athens that significantly inhibits UVB photons from reaching the earth's surface. Therefore, the net result is limited sunlight action on the skin and decreased vitamin D production.
These factors could easily explain the even higher percentage of low 25(OH)Vitamin D values at the lower values period (March-May) and the considerably lower percentages at the higher values period (July-October).
Our findings are in accordance with other reports, that even in the sunniest areas, such as Saudi Arabia, United Arab Emirates, Turkey, India, vitamin D deficiency is common (~50% of children and adults), most likely because the skin is shielded from the sun, mainly because of religious reasons. 1, [13] [14] [15] [16] It should be mentioned, that there are two previous studies reporting data from our region. 17, 18 In one of these (the SENECA study), 17 the population examined included 109 (48 males and 61 females) free living, aged (~80yr) subjects from three rural regions of the sunniest in Greece (the Athens environs and the island of Crete). During winter they observed a very high proportion of abnormally low serum 25(OH) Vitamin D values (<15ng/ml, 37.5nmol/L) (about 80% in women and 50-70% in men). Certainly, if the lower normal value of 22ng/ml (55nmol/L) had been used, the percentages of vitamin D deficient subjects would be much higher. The only plausible explanation for the high prevalence of vitamin D deficiency in these subjects (peasants and farmers) is that they cover the whole body with clothes, except for the face and hands when outdoors, even during summer. In the second study 18 that included 279 elderly subjects (231 women and 48 men, median age 71 and 72 yr, respectively) living in the same area as the subjects of our study, only 6.5% could be considered as vitamin D sufficient [25(OH) [1] [2] [3] This is further supported by the finding that about 5% of our subjects presented values at high-normal levels (>50pg/ml, 120pmol/L).
As to the age groups and periods of lower and higher values, it is very interesting that during MarchMay abnormally low serum 25(OH)Vitamin D values have been observed in all the younger subjects (<39 yr), but to a lesser degree in the middle age groups and even the older (>60 yr). The most plausible explanation for the groups of younger subjects seems to be very low sunlight exposure with consequent vitamin D deficiency, especially during winter. This is further supported by the observation that during July-October the percentage of abnormally low serum 25(OH)Vitamin D values of the young (<29yr) decreased to, or even fell lower than, those of the other middle age groups, obviously due to increased physical activity outside the city and, consequently, more sunlight exposure during this period of the year. However, even during July-October about 25% of the young subjects remain vitamin D deficient as do the other middle age groups. Similar results have been reported by Tangpricha et al 19 in free living young adults in Boston.
Considerable divergences of the vitamin D reserve during the year (seasonal variation) have also been reported in several studies, although the time periods differed depending on the latitude and regional climatic peculiarities. [19] [20] [21] [22] Furthermore, as far as we know, the influence of age by stratification of the subjects into small age groups as carried out in our cohort has not been studied in detail, especially with regard to seasonal variations. 2, [5] [6] [7] 9, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Concerning the older group, although during March-May their percentage of abnormally low serum 25(OH)Vitamin D values was much lower than that of the younger age groups, they had only a slightly decreased percentage during July-October. As a consequence during this period they presented about double the frequency of abnormally low serum 25(OH)Vitamin D values in comparison to the other age groups. This could be explained largely by less exposure to sunlight and also because aging reduces vitamin D3 synthesis (by 75% in 70 yr-olds).
1,2 Our results are thus in accordance with the previously expressed view that the aged need more sunlight exposure and/or vitamin D supplementation to be vitamin D sufficient throughout the year. [1] [2] [3] 9, 10, 17 The higher percentage of abnormally low serum 1-25(OH)2Vitamin D values during the period of lower values (March-May) in the groups of young (<29 yr) and older (>60 yr) individuals could be attributed mainly to diminished sunlight exposure. This is further supported by the fact that during the period of higher values (August-September), none of the group aged <29 and only 20% of the group aged >60 yr presented abnormally low values of this vitamin D metabolite. Furthermore, the better vitamin D status of our middle-aged subjects could be attributed to their more physical activity and way of life in contrast to the young and the aged.
Of special interest is our finding of a positive linear correlation between serum levels of 25(OH)Vitamin D and 1-25(OH)2Vitamin D. Although such a correlation was previously described in some studies, 24, 25 little or no attention was paid to this finding because it was attributed to interferences in the 1-25(OH)2Vitamin D assay by the inactive metabolite of 24-25(OH)2Vitamin D. 24, 25 Certainly, there is general agreement that the renal production of 1-25(OH)2Vitamin D is regulated by plasma PTH, calcium and phosphorous levels, [1] [2] [3] 11, 25 and perhaps other novel regulators including FGF 23 and Klotho. [26] [27] [28] Our findings in a large number of adult subjects with a broad spectrum of age and the persistence of the correlation even when only the subjects with abnormally low serum 25(OH)Vitamin D concentrations were considered, and also in women without or with OP+OPenia, strongly suggest that the serum levels of 25(OH)Vitamin D possibly play a substantial role in serum 1-25(OH)2Vitamin D production. This is further substantiated by the recent study of Rejnmark et al 29 concluding that in postmenopausal women serum 25(OH)Vitamin D concentration is the major determinant of serum levels of 1-25(OH)2Vitamin D. 29, 30 Of particular interest is also the finding of a considerable negative linear correlation between 25(OH) Vitamin D and Intact PTH concentrations not only in the whole group but also separately in the women without or with OP+OPenia. Such correlations have been previously reported but mainly in postmenopausal women. [1] [2] [3] The presence of the correlation not only in the total group but also in women without or with OP+OPenia, separately considered, and the fact that in the multivariance analysis the serum calcium (total or ionized) was an insignificant determinant suggests that 25(OH)Vitamin D plays a considerable role in the regulation of PTH secretion. 
CONClUsION

